Introduction: Maxillary premolars are often extracted to resolve incisor proclination in presurgical orthodontic treatment for severe skeletal Class III patients. The aim of this article was to compare arch-width changes and orthodontic tooth movements between maxillary premolar extraction and nonextraction modalities, and to provide an additional indication for presurgical maxillary premolar extraction according to the transverse dental arch characteristics of Class III surgical-orthodontic patients. Methods: Pretreatment and posttreatment dental casts of 55 adult Class III patients (24 nonextraction, 31 extraction) who underwent surgicalorthodontic treatment were collected. The changes in maxillary and mandibular dental arch widths were measured from the canines to the second molars. Orthodontic tooth movement was evaluated with an angulation-and-inclination measuring gauge. Results: Statistical analyses showed that intermaxillary arch congruity was attributed mainly to maxillary arch-width changes. The arch-width changes could be interpreted as the result of inclination changes in both posterior dentitions. For the arch-width change, analysis of covariance (ANCOVA) showed a significant extraction effect: the premolar extraction group's ability to accommodate arch-width change was significantly greater than that of the nonextraction group. Conclusions: The indications for maxillary premolar extraction in Class III presurgical orthodontic treatment might depend in part on the characteristics of the maxillary arch width and posterior teeth inclinations. (Am J Orthod Dentofacial Orthop 2006;129:740-8) 
M
andibular prognathism is the most common reason for orthodontic treatment and orthognathic surgery in Korea. Unlike North Americans, who have a low Class III prevalence, about one fifth of all Koreans have Class III malocclusions. 1 However, neither growth modification nor orthodontic camouflage is known to be successful enough to correct Class III malocclusions. In 2002, 46.6% of all Korean patients were candidates for Class III surgical-orthodontic treatment. 2 With socioeconomic development and enhanced desire for facial esthetics, the number of patients seeking surgical correction has remarkably increased over the past decades. Nevertheless, our present knowledge of efficient orthodontic strategy for Class III surgical-orthodontic treatment is not yet sufficient.
A patient diagnosed with Class III mandibular prognathism planning to undergo surgical-orthodontic treatment often has a maxillary deficiency, proclined maxillary incisors, and crowding. The natural compensatory mechanism compels the maxillary dentition to flare buccolabially, whereas, in the mandibular dentition, lingual tipping of incisors and posterior segments is generally observed. 3, 4 Therefore, effective elimination of preexisting dental compensation is essential in the presurgical orthodontic treatment stage to achieve functional occlusion after surgery.
During presurgical orthodontic treatment, maxillary premolars are often extracted to resolve incisor proclination and crowding. Thus, extraction of premolars had been primarily indicated to enhance esthetics. 5 However, extractions can also be planned to correct incongruent arch widths. Surgically assisted rapid maxillary expansion and surgical expansion of the deficient maxilla have been indicated when the maxillary dentition will remain in crossbite after the jaw is repositioned. [6] [7] [8] [9] [10] [11] [12] In this study, it is postulated that mild transverse maxillary deficiency can be treated with maxillary premolar extractions; this would result in congruent arch width with proper inclination of the posterior teeth, followed by greater anteroposterior surgical jaw repositioning. Premolar extractions, incisor retraction, and archlength changes must not be considered in isolation, and their interdependence has significant implications on arch width. Maxillary premolar extraction in presurgical orthodontics will more easily correct flared posterior teeth. 13 The interaction of all 3 planes of space is such that the changes in posterior teeth inclination will frequently affect the arch-width change and the amount of anteroposterior surgical jaw repositioning. It is therefore essential to assess arch widths and posterior tooth inclinations as well as maxillary crowding and alveolar protrusion to discriminate between maxillary premolar extraction and nonextraction patients.
The aim of this study was to compare arch-width changes and amounts of orthodontic tooth movement between the maxillary premolar extraction and nonextraction presurgical modalities during Class III surgicalorthodontic treatment to provide an additional indication for maxillary premolar extraction.
MATERIAL AND METHODS
Pretreatment and posttreatment dental casts of 55 adults with skeletal Class III malocclusions (24 nonextraction, 31 maxillary first premolar extraction) who underwent surgical-orthodontic treatment were collected.
Mandibular setback surgery with bilateral sagittal split ramus osteotomy was performed in all patients. In 21, total maxillary advancement with LeFort I or II osteotomy was also performed.
Patients with segmental surgery, transpalatal appliances that could surgically or orthopedically change tooth position and arch form, craniofacial anomalies or syndromes, and severe transverse problems were excluded from this study. Patients with more than 3 mm of tooth size-arch perimeter discrepancy, missing teeth, and extensive restorations were also excluded to control for confounding variables.
Evaluations of orthodontic tooth movement were divided into 3 categories: mesiodistal angulation changes; buccolingual inclination changes; and intercanine, interpremolar, and intermolar arch-width changes. The second and third categories are interrelated in forming posterior arch coordination.
Orthodontic tooth movements before and after surgical-orthodontic treatment were analyzed by using an angulation-and-inclination measuring gauge (Invisitech, Seoul, Korea) that was developed to simultaneously record angulation and inclination of a tooth on a dental cast.
14 A level and a dental surveyor kit with a laboratory jack were used to ensure the flatness of the measuring field, and the dental cast was positioned parallel to the functional occlusal plane. The 3 pointers on the measuring gauge were directed toward the facial axis of the clinical crown with the middle pointer aimed toward the facial axis point as described by Andrews 15 (Fig 1, A) . A digital vernier caliper with sharpened points (Mitutoyo, Kawasaki, Kanakawa, Japan) was used to measure widths between all posterior teeth, from the canines up to the second molars. A centroid was constructed for each cusp tip, which was relatively independent of cusp wear or abrasion and sensitive to both coronal translation and tipping (Fig 1, B) .
Statistical analysis
Descriptive statistics with independent t tests were used to determine whether there was a statistical significance in mean tooth movement and arch-width changes between the nonextraction and maxillary premolar extraction groups.
To determine the contribution of orthodontic tooth movement in explaining arch-width changes, regression analysis was performed. Although efforts were made to control for confounding variables such as amount of crowding, there still might be important differences between the nonextraction and the maxillary premolar extraction groups-eg, pretreatment posterior tooth inclinations. This might explain all or part of the apparent differences in arch-width changes. Therefore, to examine the differences in arch-width changes after accounting for the preexisting characteristics of the dental arches between the 2 groups, analysis of covariance (ANCOVA) (␣ ϭ 0.05) was used. Considering the covariate, ANCOVA can correct for the bias resulting from baseline differences and remove the variance attributable to baseline variables. Power analysis indicated that our sample size was adequate.
RESULTS
An examiner (S-J.L.) with orthodontic qualifications recorded all measurements. To test interexaminer reliability, 14 randomly selected casts were measured by another examiner (S.J.K.). These measurements were compared with the original data, and Dahlberg's formula 16 was used to calculate the method error.
The main causes of measurement error occur in setting up the facial axis of the clinical crown, defining the facial axis point, and determining a point on the cusp tip. The interexaminer errors of the estimation were as follows: tooth angulation, from 0.50°to 1.97°w ith a mean of 1.36°; tooth inclination, from 0.16°to 1.79°with a mean of 0.90°; maxillary arch width, from 0.15 to 0.43 mm with a mean of 0.29 mm; and mandibular arch width, from 0.29 to 1.60 mm with a mean of 0.88 mm. Morphologically, the maxillary posterior teeth have more prominent cusp tips and developmental ridges than do the mandibular teeth; this would cause the lower measurement errors in maxillary arch width. 
Tooth movement
The descriptive statistics for the angulation and inclination changes are shown in Table I . The pattern of mesiodistal tooth movement-an angulation change-was generally in the direction of uprighting to the occlusal plane. Angulation changes showed no significant differences between the 2 groups. In the mandibular dentition, the mean value indicated that the anterior teeth proclined. On the other hand, the posterior teeth angulated distally; this reflects the pattern of decrowding and decompensation mechanisms observed in the nonextraction modality.
The inclination changes measured at the posterior teeth indicated significant changes in both jaws; this contributed to better intermaxillary coordination. The maxillary posterior teeth showed palatal tipping, whereas all mandibular teeth uprighted buccally. The amount of palatal tipping of the maxillary posterior teeth was greater in the extraction group. On the other hand, the mandibular dentition had no significant differences between the 2 groups.
Arch-width changes
Dental arch constriction of the maxilla and expansion of mandibular arch width by orthodontic tooth movement were apparent; these resulted in an increase in the arch-width ratio. Figure 2 shows representative dental casts, illustrating typical patterns of arch-width changes.
Analysis of the data showed 2 important findings: arch-width change increases linearly with inclination change, and extraction of premolars appears to have some effect on arch-width changes. ANCOVA showed a significant extraction effect. Before proceeding with the ANCOVA, a separate regression on each line was performed to determine the slope (Fig 3) . The interaction term of treatment variable (nonextraction versus extraction) and covariate (inclination change) was not significant, and the 2 slopes were parallel. Therefore, the homogeneity of regression could be inferred; this fulfilled the basic assumption of ANCOVA.
The values in Table I are the arithmetic means of the differences before and after treatment. Table II shows the adjusted means after controlling for the covariate-ie, the estimated marginal means. These are the tests of inclination-change adjusted means that account for the extraction effect irrespective of pretreatment positional variation. Table II showed that arch-width changes of the maxillary posterior teeth were significantly greater in the extraction group. Arch-width reduction was more than 2 times greater in the extraction group. Representative dental casts show typical pattern of arch-width changes after A, nonextraction, and B, maxillary premolar extraction, in Class III surgical-orthodontic treatment. There was slight expansion of mandibular arch after treatment especially in premolar region in both patients (small arrows). However, superimposed dental arch (dotted line) shows greater arch width and length decreases in maxillary arch in extraction modality (B, large arrows).
DISCUSSION
The angulation-and-inclination measuring gauge used in this study was originally developed to facilitate a setup model fabrication for lingual orthodontic treatment. After Andrews introduced a protractor-type gauge in an attempt to develop a straight-wire appliance, 15 many methods have been used to record tooth angulation and inclination. With advances in digital technology, such methods as elaborate wire bonding to the tooth surface in a tangent line and photometry, 17 inclination protractor, 18 torqueangulation reference guide, 19 and modified torqueangulation reference guide 20, 21 have been gradually replaced by a noninvasive 3-dimensional laser-scanning instrument. 22, 23 However, the disadvantages of measurement based on a 3-dimensional scanner are the increased time and limited practicability imposed on the practitioner, and the extensive hardware and software involved. Furthermore, inevitable errors are produced by the subject's micro-surface conformation. 24 Therefore, in a clinical setting, the instrument we used is still useful and even more practical with acceptable reliability.
It is quite natural to have significant orthodontic tooth movement because the malocclusion is more severe in Class III mandibular prognathism. Even though there are diverse changes according to the individual teeth, a somewhat regular pattern of tooth movement can be found. Angulation changes showed no significant differences between the nonextraction and the maxillary premolar extraction groups. However, only the maxillary second molars showed a statistically significant angulation change. Also, there was more scatter in tooth movement for maxillary second molars than for the other teeth. It is likely that this change is caused by the correction of pretreatment distal tipping that is common in Class III malocclusion patients whose maxillae often have deficient room for posterior teeth (Fig 4) .
Intermaxillary arch coordination can be separated into maxillary tooth movement, mandibular tooth movement, and anteroposterior surgical skeletal correction. Division of the coordination procedure into orthodontic and surgical components showed that maxillary arch correction was the major factor, since mandibular arch change had limitations in its correction, and the surgical amount was restricted to the predicted occlusion. Orthodontic tooth movements can be separated into mesiodistal and buccolingual components. These can be further explained by angulation change, inclination change, and bodily movement. Although the relationship between linear tooth movement and angular change of the posterior teeth follows more exactly a trigonometrical function, which forms a nonlinear curve, we can suppose that tooth movement is linearly related to the angular change within the envelope of ordinary orthodontic tooth movement.
14 In fact, there was a high linear correlation coefficient, and, when posterior teeth Scatterplots of arch-width changes of maxillary second premolar (top), first molar (middle), and second molar (bottom). Arch-width change was significantly greater in extraction than in nonextraction, indicated by larger y-intercept, although slopes were nearly same in both groups.
are moved, there is more tipping than bodily movement. Figure 3 shows the amount of arch-width change compared with inclination change, taking into account the extraction effect. We used different points for the 2 groups and plotted the data against the inclination change. It is evident from the graph that the data are linearly related to the inclination change. This graph could result in a more informative explanation, for both analyzing the impact of inclination change on archwidth change and determining whether extraction has an effect. ANCOVA showed a significant extraction effect. There was a significantly greater reduction in the inclination of the maxillary posterior teeth in the extraction group than in the nonextraction group, notably in arch-width change. The key issue in this comparison was that the arch-width reduction was greater in the extraction site when controlling for the amount of orthodontic tooth movement. This information indicates that, when the posterior teeth of the deficient maxilla are more flared, the possibility of maxillary premolar extraction increases. With extractions, it is expected that the maxillary molars will slide mesially somewhat to close the extraction space; this causes a Class II molar relationship after anteroposterior surgical correction.
In contrast, without extractions, all transverse correction must occur through inclination changes. Because there is no mesiodistal tooth movement, the arch-width changes would follow the inclination change more exactly. Also, decreasing arch width increases arch length because of the linear relationship between arch width and length. 13 Decreased arch width is associated with a reduction in arch depth: a 3-mm reduction in arch width is known to be equivalent to a 1-mm increase in overjet. 13 Furthermore, transverse arch correction is well known to be an unstable treatment modality, 25, 26 and the arch-width reduction is more likely to be unstable without extractions and is most ineffective in the posterior region. 27 The importance of the transverse dental relationships between arch width and preexisting posterior tooth inclination are sometimes overlooked by orthodontists who are more concerned about surgical jaw repositioning and facial esthetics after surgery. Proper transverse dental relationships are necessary to achieve maximum occlusal function. In this respect, there is an indication to expand or to reduce the dental arch in the maxilla by surgical procedures. Because transverse and anteroposterior maxillary deficiency is often seen with mandibular prognathism, patients who require maxillary advancement can be corrected with 3-or 4-segment maxillary osteotomy simultaneously for intermaxillary arch congruity. However, segmentation of the maxilla increases the risk for skeletal, dental, and periodontal complications that do not occur when the maxilla is not segmented. 6, 7, 11 Surgically assisted rapid maxillary expansion has been recommended for older patients. 12 However, in a patient with mild transverse maxillary deficiency, we prefer maxillary premolar extraction with greater surgical jaw repositioning rather than surgical transverse correction.
How can this result be used for further Class III surgical-orthodontic treatment planning? How can the need for maxillary premolar extraction be quantified? Formerly, it was our experience that, after mandibular setback surgery, when the surgical wafer was removed, a congruent arch at the time of presurgical simulation surgery yielded a less-thansatisfactory posterior occlusion. Our previous experiences of treatment failure indicated that buccally flared maxillary posterior teeth often produced progressive lingual crossbites after surgery. Additionally, increased tongue pressures against the distally repositioned mandible, which can upright the mandibular posterior teeth into a buccal direction, might be another cause of progressive crossbite. We learned from these experiences that not only arch width but also posterior tooth inclination must be considered to achieve harmonious intermaxillary arch coordination after surgery. Based on our findings and the continued examination of recent patients, we suggest a supplementary indication for maxillary premolar extraction to improve the posttreatment occlusal outcome of Class III surgical-orthodontic treatments. Complex numerical algorithms are generally not required to establish presurgical treatment planning. The best method is to make a diagnostic setup model that simulates the posttreatment occlusion, however, this procedure is practically difficult. Instead, for both clinical reasons and ease of application, the following method is used to predict the requirement for maxillary premolar extraction to correct mild transverse problems: First, posttreatment occlusion is simulated with hand-held articulated models (Fig 5, A) . Second, from the distal side of the articulated dental casts, occlusal features can be observed and an imaginary line drawn that could be achieved by orthodontic tooth movement. Before this can have diagnostic applicability, the limitations and the general range of orthodontic tooth movement must be established. For this purpose, the envelope of discrepancy 28 and the research of Kim et al 14 suggested some ideas. But, in practice, every orthodontist is well aware of the feasible amount of tooth movement through experience. Third, if plausible tooth movement cannot be expected, a Class II molar relationship might be another alternative (Fig 5, D ) , and the same simulation procedure repeated. This situation suggests that there is a transverse problem of the maxilla. This procedure could imply the need for maxillary premolar extraction. These suggestions acknowledge, of course, the prior importance of esthetics and the amount of crowding for planning maxillary premolar extractions. [29] [30] [31] [32] This method is especially advantageous if the patient requires more mandibular setback for esthetic reasons, not including maxillary advancement surgery. We assume that fairly wellarranged surgical orthodontic procedures can be performed with these estimates.
The reference plane we used was the functional occlusal plane. Because orthodontic tooth movement was interpreted only in the transverse plane, an assessment of tooth movement in the vertical direction could not be considered. In addition, in this type of treatment, the relationship between occlusal stability and transverse orthodontic tooth movement, and the role of the curve of Wilson in transverse relapse, should be further investigated.
CONCLUSIONS
This article focused on the transverse effect of maxillary premolar extraction in the Class III presurgical orthodontic treatment plan and also highlights the indication for maxillary premolar extraction to correct mild transverse problems of the maxilla. When both clinicians-orthodontist and surgeon-make a presurgical orthodontic plan, the decision for maxillary premolar extraction is included before the treatment begins.
As part of the various criteria for those extractions, buccally flared maxillary teeth could be added. Indications and proper treatment strategy for Class III surgical orthodontics with maxillary premolar extraction depend partly on the magnitude of the transverse interarch coordination (or problem), especially in the maxillary dentition.
Fig 5.
To decide whether maxillary premolar extraction is preferable, simple strategy to simulate posttreatment occlusion is hand-held articulated dental models. A, Pretreatment occlusion; B, simulated articulation at Class I molar relationship; C, at this time, bilateral buccal scissor-bite is generally observed. From distal side of hand-articulated dental casts, occlusal feature can be observed, with imaginary line drawn that could be achieved by orthodontic tooth movement. D, If plausible tooth movement cannot be expected, Class II molar relationship might be another alternative, and same simulation procedure is repeated.
